
INTRODUCTION 

R eview question / Objective Primary 
ob jec t i ves : Sys temat ica l l y co l l ec t 
susceptibility and drug resistance data for 

Aspergillosis (specifically Aspergillus fumigatus, 
Aspergillus flavus and Aspergillus niger) and 
mucormycosis (specifically Rhizopus spp., Mucor 
spp., and Rhizomucor spp.) against different types 
of antifungal agents (specifically Isavuconazole, 
Posaconazole, Amphotericin B, itraconazole, 
voriconazole).

Secondary objectives: Susceptibility and drug 
resistance data among different subgroups:

1. Between environmental and clinical isolates

2. In different patient populations. 

Background Invasive fungal disease, especially 
aspergillosis and mucormycosis, is considered as 
one of the important causes of morbidity and 

mortality among a wide variety of patients with 
i m m u n o d e fi c i e n c y , p a r t i c u l a r l y i n 
immunocompromised populations. Due to the 
increased use of ant i fungal agents, the 
epidemiology of invasive fungal infections has 
changed over the past years. According to a recent 
review of 851 cases over the period January 2000 
through January 2017, in Asia, the incidence of 
mucormycosis is 31%. The recommended 
treatments for invasive fungal disease included 
antifungal agents such as posaconazole, 
itraconazole and amphotericin B, and surgery4. 
The mortality rate significantly differs depending on 
the immune condition of patients and different 
treatment regimens. 

Rationale  As aspergillus and mucor can be 
resistant to antifungal agents, the burden of 
antifungal resistance in high-risk patients is 
becoming one of the major concerns. Antifungal 
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drug-related factors, like in vitro susceptibility and 
drug resistance have an important bearing on the 
ultimate outcome of treatment and can help to 
predict clinical response to therapy. The 
susceptibility of antifungal agents varies from 
different regions. Currently, there is no systemic 
review or meta-analysis on antifungal agents’ 
susceptibility despite plenty of data accumulated 
in literature. Evaluation of drug resistance 
characteristics is beneficial to selection of suitable 
drugs and dose of them for the clinician. A better 
understanding of the clinical impact of antifungal 
resistance is essential to the prompt and efficient 
treatment of patients with aspergillosis and 
mucormycosis and to improving the outcome of 
such infections. 

METHODS 

Strategy of data synthesis  PubMed

#1 "Aspergillus fumigatus"[Mesh] OR "aspergillus 
flavus"[Mesh] OR "aspergillus niger"[Mesh] OR 
"rhizopus"[Mesh] OR "rhizomucor"[Mesh] OR 
"mucor"[Mesh] OR "Aspergillus fumigatus"[tw] OR 
"aspergillus flavus"[tw] OR "aspergillus niger"[tw] 
OR "rhizopus"[tw] OR "rhizomucor"[tw] OR 
"mucor"[tw] OR "A. fumigatus"[tw] OR "a. 
flavus"[tw] OR "a. niger"[tw]

#2 "Ant i fungal Agents" [Mesh] OR "Drug 
Resistance, Fungal"[Mesh] OR Fungicid*[tw] OR 
Antifungal Agent*[tw] OR Antifungal Antibiotic*[tw] 
OR Anti-fungal Agent*[tw] OR Anti-fungal 
Antibiotic*[tw] OR antifungus agent*[tw] OR 
fungistatic agent*[tw] OR fungostatic agent*[tw] OR 
mycostatic agent*[tw] OR "isavuconazole" 
[Supplementary Concept] OR isavuconazole OR 
"BAL-8557" OR isavuconazonium OR Cresemba 
OR "posaconazole" [Supplementary Concept] OR 
posaconazole OR Noxafil OR "SCH-56592" OR 
"Amphotericin B"[Mesh] OR Amphotericin OR 
Fungizone OR Amphocil OR "Itraconazole"[Mesh] 
OR itraconazole OR canadiol OR candistat OR 
canditral OR hongoseril OR hyphanox OR itrac OR 
itralek OR itranax OR pulmazole OR "pur 1900" OR 
sporacid OR sporal OR sporonox OR triasporin OR 
R 5 1 2 1 1 O R S p o r a n o x O R O r u n g a l O R 
"Voriconazole"[Mesh] OR

voriconazole OR "UK 109496" OR Vfend OR "zp 
059"

# 3 " d i s e a s e s u s c e p t i b i l i t y " [ M e s h ] O R 
susceptibl*[tiab] OR susceptiv*[tiab] OR resist*[tiab] 
O R " h y p e r s e n s i t i v i t y " [ M e s h ] O R 
hypersensitivit*[tiab] OR

sensitiv*[tiab] OR "sensitivity and specificity"[Mesh] 
OR specificit*[tiab] OR activity[tiab]

#4 #1 AND #2 AND #3

#5 #4 NOT ("Review" [Publication Type] OR 
"Review Literature as Topic"[Mesh] OR Review[ti])


#6 #5 and ("2010/01/01"[Date - Publication] : 
"3000"[Date - Publication])

Embase

#1 'Aspergillus fumigatus'/exp OR 'Aspergillus 
flavus'/exp OR 'Aspergillus niger'/exp OR 
'Rhizopus'/exp OR 'Rhizomucor'/exp OR 'Mucor'/
exp OR ("Aspergillus fumigatus" OR "aspergillus 
flavus" OR "aspergillus niger" OR "rhizopus" OR 
"rhizomucor" OR "mucor" OR "A. fumigatus" OR 
"a. flavus" OR "a. niger"):ab,ti,kw

#2 'antifungal resistance'/exp OR 'isavuconazole'/
exp OR 'posaconazole'/exp OR 'amphotericin B'/
exp OR 'itraconazole'/exp OR 'voriconazole'/exp 
OR (Fungicid* OR ((Antifungal OR "Anti-fungal" OR 
antifungus OR fungistatic OR fungostatic OR 
mycostatic) NEAR/2 (Agent* OR drug OR drugs OR 
Antibiotic*)) OR isavuconazole OR "BAL-8557" OR 
isavuconazonium OR Cresemba OR posaconazole 
OR Noxafil OR "SCH-56592" OR Amphotericin OR 
Fungizone OR Amphocil OR itraconazole OR 
canadiol OR candistat OR canditral OR hongoseril 
OR hyphanox OR itrac OR itralek OR itranax OR 
pulmazole OR "pur 1900" OR sporacid OR sporal 
OR sporonox OR triasporin OR R51211 OR 
Sporanox OR Orungal OR voriconazole OR "UK 
109496" OR

Vfend OR "zp 059"):ab,ti,kw

#3 'sensitivity and specificity'/exp OR (susceptibl* 
OR susceptiv* OR resist* OR hypersensitivit* OR 
sensitiv* OR specificit* OR activity):ab,ti

#4 #1 and #2 and #3

#5 #4 not ([review]/lim OR 'review'/exp OR 
review:ti)

#6 #5 AND [2010-2022]/py

Cochrane library

#1 MeSH descriptor: [Aspergillus fumigatus] 
explode all trees 

#2 MeSH descriptor: [Aspergillus flavus] explode 
all trees

#3 MeSH descriptor: [Aspergillus niger] explode all 
trees

#4 MeSH descriptor: [Rhizopus] explode all trees

#5 MeSH descriptor: [Rhizomucor] explode all 
trees

#6 MeSH descriptor: [Mucor] explode all trees

#7 "Aspergillus fumigatus" OR "aspergillus flavus" 
OR "aspergillus niger" OR "rhizopus" OR 
"rhizomucor" OR "mucor" OR "A. fumigatus" OR 
"a. flavus" OR "a. niger"

#8 #1 or #2 or #3 or #4 or #5 or #6 or #7

#9 MeSH descriptor: [Antifungal Agents] explode 
all trees

#10 MeSH descriptor: [Drug Resistance, Fungal] 
explode all trees

#11 MeSH descriptor: [Amphotericin B] explode all 
trees

#12 MeSH descriptor: [Itraconazole] explode all 
trees
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#13 MeSH descriptor: [Voriconazole] explode all 
trees

#14 (Fungicid* OR ((Antifungal OR "Anti-fungal" OR 
antifungus OR fungistatic OR fungostatic OR 
mycostatic) NEAR/2 (Agent* OR drug OR drugs OR 
Antibiotic*)) OR isavuconazole OR "BAL-8557" OR 
isavuconazonium OR Cresemba OR posaconazole 
OR Noxafil OR "SCH-56592" OR Amphotericin OR 
Fungizone OR Amphocil OR itraconazole OR 
canadiol OR candistat OR canditral OR hongoseril 
OR hyphanox OR itrac OR itralek OR itranax OR 
pulmazole OR "pur 1900" OR sporacid OR sporal 
OR sporonox OR triasporin OR R51211 OR 
Sporanox OR Orungal OR voriconazole OR "UK 
109496" OR Vfend OR "zp 059"):ti,ab,kw

#15 #9 or #10 or #11 or #12 or #13 or #14

#16 MeSH descriptor: [Disease Susceptibility] 
explode all trees

#17 MeSH descriptor: [Disease Susceptibility] 
explode all trees

#18 MeSH descriptor: [Sensitivity and Specificity] 
explode all trees

#19 (susceptibl* OR susceptiv* OR resist* OR 
hypersensitivit* OR sensitiv* OR specificit* OR 
activity):ti

#20 (susceptibl* OR susceptiv* OR resist* OR 
hypersensitivit* OR sensitiv* OR specificit* OR 
activity):ab

#21 #16 or #17 or #18 or #19 or #20

#22 #8 and #15 and #21.

Eligibility criteria   
Population：

Studies about infections by Aspergillus fumigatus; 
Aspergillus flavus; Aspergillus niger; Rhizopus 
spp.; Mucor spp. or Rhizomucor spp.

Intervention：

S t u d i e s a b o u t a n t i f u n g a l a g e n t s w i t h 
Posaconazole, Isavuconazole, Itraconazole 
Voriconazole, Amphotericin B

Outcomes：

Susceptibility, drug resistance, MIC (minimum 
inhibitory concentration); Studies that do not report 
any susceptibility and resistance outcomes were 
excluded. For example: phenotypic and genotypic 
analysis; synthesis of antifungal agents; resistance 
mechanism; genomic diversity; bacterial structure; 
Studies reporting only resistance results and 
sensitivity results other than MIC data were 
excluded; Studies about the testing method for 
susceptibility were excluded. (Testing methods: 
broth dilution, disk diffusion etc.)

Study design：in vitro study was included. 
Reviews, systematic reviews, and animal studies 
were excluded.

Time: Studies published before 2010 were 
excluded.


Other: Molecular test must be performed before 
the analysis, so that the classification of fungus 
has standard criteria. Articles that did not use 
molecular test were excluded.

Source of evidence screening and selection  
Two qualified reviewers, preferably experts in the 
field of infectious diseases, independently 
screened the abstracts and full-texts for eligibility 
of inclusion. The remaining articles were screened 
by two independent reviewers in order to ensure 
that they met prespecified study inclusion criteria, 
disagreement were resolved by the third reviewer. 
A PRISMA flow diagram were presented after 
study screening. 

Data management  All data collected for the 
study should be recorded accurately, promptly, 
and legibly. Endnote was used to store and 
manage references and to create bibliographies; 
Microsoft excel and word was used as tools for 
data collection and analysis. All data was recorded 
properly according to the nature of the data. The 
investigator or qualified designee was responsible 
for recording and verifying the accuracy of study 
data.

This is a narrative evidence synthesis, no inferential 
statistics, but summary statistics was conducted. 
We summarized the MIC data for each type of 
fungus of interest according to each type of anti-
fungal agents. When clinical breakpoint value was 
proposed based on CLSI or EUCAST guidelines, 
MIC was interpreted based on CLSI/EUCAST 
standards. The MIC data in our study was 
compared with the cut-off value proposed by CLSI 
or EUCAST guidelines and the therapy outcome 
was predicted based on these results. In the 
absence of clinical breakpoints, according to 
Astvad 20227, after ascertain that the species 
identification is correct, we compared the MICs to 
existing MIC distributions for that drug and species 
to determine if MIC is most likely “normal” or 
“elevated”. Then we proposed a pragmatic 
categorization and upper limits for these species 
based on the comparison to modal MIC and range 
obtained for common species.


Language restriction No restriction. 

Country(ies) involved China. 

Keywords antifungal agents; susceptibility, 
resistance, Aspergillus, Mucorales. 
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